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PROBLEM TO BE SOLVED: To provide a high pulse rate pulse power 
source system with fast rise time and low leakage current. 

SOLUTION: A high pulse rate pulse power source for supplying 
controlled high energy electrical pulses at repetition rate of 2,000 Hz or 
higher. The source includes a pulse generating circuit including a charging 
capacitor, a semiconductor switch, and a current-limiting inductor. Pulses 
generated in the pulse generating drcuit are compressed in at least two 
pulse compression circuits and a step-up pulse transformer increase peak 
voltage to at least 12,000 volts. An ultra-fast regulated power supply is 
provided for charging the charging capacitor in less than 400 microseconds 
and a pulse control system, including a programmed processor controls the 
charging of the charging capacitor to an accuracy of less than about one 
percent at a rate of at least 2,000 charges per second. 

COPYRIGHT: (C)2001.JPO 



None 



Buy Now: Family Legal Status Report 



AE AG AL AM AP AT AZ BA BB BG BR BY BZ OA OH ON CR CU CZ DE DK DM DZ 
EA EE EP ES Fl GB GD GE GH GM HR HU ID IL IN IS 

Show 18 known family members 

DERABS G2001-315935 




m 



Click Here 
to order 
fc Patent 
f Plaques 




http://www.delpliion.com/details?pn=JP2 1 168430A2 



12/9/03 



HIGH PULSE REPETITION RATE PULSE POWER SOURCE SYSTEM PROVIDED W. 



Pai^e2of2 



©i997-a)03Thon,U„Derphion Resean^hSubscriptions | Prh^a^PCicy | Tenns & Conditions | SiteMap I.CqntabtU 



httpV/www.delphion.coin/details?pn=JP2 1 1 68430A2 



12/9/03 



xmBTmmif (jp) <^2) & H i|# if ^ ^ (A) (nmmamnims^ 

#112001-168430 
(P2001-168430A) 



(43)^ B ¥J«13^6M22EIC2001.,6.220 







PI 


. f-73-r(#*) . 


: HOIS 3/097 




H0 2M 


9/04 C 


. 3/225 




HO I S 


3/097 A 


H0 2M 9/04 


• 




3/223 E 






m ^ ffi^«(Dft26 OL 9^mmm eo h) 




4Me000-277282( P2000-277282) 


(71)fflHA 


597014361 










(22)tlffi{B 


YJ$12^8^ 9 B(2000.8.9) 












92127-1815 D-> T^W'Xrf xir/tl 




0 9/370739 




i^- }^y-(Zf 16275 




¥«11^8^ 9 8(1999.8.9) 








3RB (US) 












92064 3}?-i>x-r <HU-1f F^-f 








>:f 12634 






(74)fW!A 


100059^ 








*a± W » (i1^9«) 











(54) [K?|®«»3 #V»a%J:*«0I^IBi4^4ftJinS«&«A.&iB5A>kX»jiStn»t'XSai5'X5^A 



m [mm 

2 . 0 0 0 H z a±<rmm.x'mitti r^ubc^wvi:^ 

tL. tfz^ ^E^Vl'X^&^ti^'J'^^j:< ti>12. 0 0 0 

JS**. Kf^^^Ma^f V1^^:4 0 0v^^'^•fe;*>'H 
5fe«•c^«t-|.^c«>"c^i6^i$^^. tti. ra^yA^ii 




!{2) 001-168430 (P2001-16JL8 



g«m^'?;p^<oMe-i?«Es-ij.:t< t 1 2 . 0 0 0 

t\ ^!^^r<ti3i^i-;P£0«mx^;P:?g:ffil,^X 4 

2 0 0 om<^fEmmx\ i ^-^-tyhmm&m 
[»*«2j mm2<oyvi'xmmmmmmm 
iM^3] wms2co/vi'Xsm\swi. ioc7)e 
m^m4i, Bmm2<7)jvi^xsmmii. 

id^r. 2-:>ff)mv>ayy'y^^^.f^^.i.^^^ 

'tim^miizsmco^vi-x^,' 

imm5] mU^y-!r^^yx\±^i-^<rmmi^ 

y^i'^tzir.tmm^tih z b ^mb^hmm4 

izt^coj'vuxm^, ■ ■ 

<^Tg>i z b t:mb i-hmm i izm<oyvux 

MM. y : - . 

^*^^bimS[b-t?>iSmnzii!M<O^VUxmM. 

<^ 1 dimthhz b ^mb^hmm i tc^w^ 



T :^C7)SJE* sat t-ssifflf^fcr y - Y • y 
H • ^^>mi^:^tszb^:m.b^hmm\^w^ 

^o^\^~^ fVVXi^^^i,t^»i^z^ MSU-if 

hzb im^btmim i {^ssoAVP^m®, ' 

[iS^ 1 1 1 logp— »f . >'^V^;^^OX;^;^^^gg 

, itst-rsa^iofcieKco/NVP^ms. 
[a^i2] mi3mm::iyTy^<r)mm.imm 

"^^btimmi lizsmconjuxmm. 

1 3 ] mSi'J'-ii: <bi>i r>cr)im<^n)Ux 
ii. f^)Vxa)f\-x V ti<7y^X(r>n)Vx S-g-trCi b 

^^^hmm\2\izm.<r>n}vx%n. 
[ »^ 1 4 1 B?EiJ'-^r< til ■o<7)y?7t.j;c«^ ^ 
Jt. -f-itfeimcTjyN'-x yn<r>nivx-^^z b ^ist 
■fsa^l 3fc£®on/j^;^||®. 

lis^isi m^£<b\>2rmmmmt 2 

yTy^ii. ^-^y^^-vyy'y^x'tii^zb^mL 
i^'^^^^nzss&wvuxmm. 

tb?,WmM}y~^- '^XfJ.<r)mi,i^ii.'^~jt, 

f^i^^^±xf,tiXM&zbi:mLb^i,nmiizm 
mojvuxmm. 

u-if • v;cxA-c**ct^#afc-t4if^i 6t 

1 8 ] lygx^^i^v • U— r . i^Xy-Mi 

^rFv~iF-i.x-rM,x'htzb^mbthmm 

^t-^5if^i 8^ceao>'^v^x«Mv'XTA, 

'^rxrmmm^x, ^^-/vmmi.zfm'iKxuh 
mi^)i^xuhm.mii.zmti. msm\i 

[ mm. 2 1] ij'-^r < 1 1> 1 ooMg^iift-^ >-^^ 
rJ'tt. i!'*< i: 1 1 ->mmmi^i:^z b ^mib 

•thmm 1 l,Z^(r)f^,VX%Ui^Xy-M., 

[lt^22] 'M^^yl'y^b-^y^r9■^b^i. m 



i(3) 001-168430 (P2001-16JL8 



1.:?,. l^E'■«;^xms.>'XxAli. i9E2o<o«ffioffi 

[8*3124] |tfe2-p<omffi<^^r{i, ^$^1. 
B.-?. 1SfE/-«;l':^fiaSS<XrAI4,.l9iB2-o«0«fi<Ofl!! 

[19*312 5} Iirs^'«;p;^i64igswi. 

l6&-ti.!t*^<?)IBliO>'NVi^;^%tIlIII&t-$>0. K^. IE 
n) NVl-X 5:11^$ -ti-|>?ti6<0lS 2 coy WL-xJ^^HIS^IS . 
tc^^. 1!i^lOK;u;^5^|5lgSi:l5^2iO^NVl/X 

i t S:»Sfc-rSil*3S 1 6 Cai8<^VNVl.X«MvXx 
J^. 

A r F Ix— f • i^XTMX'hh Z t S-!^ai:1:&ffl*3g 

lHZtm<7)^Vi-XmMi^XTJ*. 
[0001] 

[^j(7)m*s^ie!a«f ] :^mii. 1 9 9 7^1 2^ 

1 5Baj^i^'J7/H->'>'N*®0 8/9 90, 84 8& 
tXl 9 98^6^ 1 8Ba}IS^OvU7^;^■fyA^'m0 9/ 
1 18, 7 7 30-g|5iffig!T'S>l. . *^BH{±, V'?;!.^^ 

[00 0 2] . 

imkiomi -wm::^xm.\<-^izt5\,^x. nm 
m®ii. msmMizi*)2':><om\.'^mmm%my!f 

•e-. wsmkm^trnthiyCTi^^mnzm^-t. ^ 

mmi. Wmzi^LxmtiZ ^M-^yys ay^y 

y-^^ii. iicmmz'£^j:mETmmizym^iit 
mrn&^zx^xmtn^ixfc. m^^tmmucM 

(ai*>, ft&l OOO/Vl'X) t=fcU-C{4. 

A*<€fiira{c;<^xco8ax (1.0 0 o-f 
t LXi:>t:^^tiiMxm(^^:tyit^xi. d:<^^vi' 



xiz^^x. mm:^xbMMiz^-t^. m^vu 

xtt. m<7)^Vl-xkmtio(z. i^-^yy • ay^y 

^iz, i!>:(^MmMii-lZkizX-^xm.^til.M 
-yX, \^-^yy- nyry-^-tc. 0 0 0I1I<^ 

[0003] «!*S»<05^XxACi>V^Tt4. f-^v 

\:-^yy - oy^y-^izf^ttubco, v^yhuyn 
i: 0 ^:iS«Ex>f <y ^i: *«v^S 12-2 0#O3K;P h 

mmmm-i^yEM^ti?,. mcmmm^^'^^xmmi^x 

KS-ri.^«Et'^x^;l.dr<^5E«^*l«-f^Sf>:J6{2. 

mss^Mvxmmirimi-h. mskmimmm 

5. 448. 580-^fc<J:t^^5. 3 13. 481-^(1 
Ifi^SitTiS 0 . •eix^.Ji*aili«0#!iiXlKi: LXm 

}jn^tix\,^i>, zti^ff)mmim^. #slciii»«i 
^f'jfflt, ^tnim6^<\ itmmK<^j^/i-x . 

I. 

[00041 

immmtxot-rtmm]^mmii. i. oo 

0 H z (0^mmzi5if^JVUXW^cr>^Xff)J:^ X 

V • u-ifc^i o^j:i3m:^xiiiMi^-^mmms. 
. mt^. ^«7mizhi:i-ox I B2 4m. mmx'tm 

X-amthZti^ii^Sb^tit. 2. OOOHz 

5 . OOOHz. $ i^iz^tia±.(r)msc7)/vuxm 
m^coTX'imx'^h. m.mmv^jvuxmm'^x 

[0005] 

4 . 0 0 0 H z^v^ti-E-^tmico, mm^titi^xyt-fu 
^(9ss^vuxi:m^i-i, m^v\.xmsm^yixmM^ 
im-th. mma, ^mm^iyy'y^, ^i^x^ -y 
njix/m^^ y^i^i^i^ts^-ni^x^m^^^ 

^. -fVUX^mJ&'P'C^^ixii^Vl^Xii, ^^<t 

iy2^<r>j-<)\.xEmmzii\,^XSm^tutfz. #ff 
^V\^X^^i}<\::-:^W£.i'J^^j: <ki>12, OOOsi? 

3 yT:^-^-^ 2 0 0 o-b;& y h'*g}T3E«tl.3t 
4^{c^Hi$^i. ro^^^A^itfern-fe-yif^l^ 
•oywi^xiiJffliv'Xf- fe*:ft|J?4 0 0 0J-Uhco?Em 

yTy^c^ytmmmti. 

[0006] :^xW!M\^—fm<om^f<)Uxmmfh 
<0tcaS.o*^Bjc7)$f ^ H-^HSiJgJSJi. WckA 0 0 0 



!(4) 001-168430 (P2001-1 



6JL8 



. 6,.000--}f;PhiO«tHfftr, 100:^yHr 

•5. . . 
[0007] 

M^0mtxm'm-?>, - ^ 
(mi c^)Mt i^^mmmyn^mmr Fx#i. 

2, OOOHz. ajt^{i^tij>u.{;;fe,^^0. 5^;^- 
/I^»^>6>?^-;K 12^D;}f;l.h*»^2 2^D#;l,h 

r 0 0 0 8 1 ( ^£7,#i i,\.^mmm 

0. ff^y K . ti;i-;|,6 0. fcJ:t/rp— f^ti; 
j.-;P8 0tiif^tc7)i:-ri.. 

[0009] (iS«E«gi^ ^mEmst^-' 

^-/P20tt.^l0*>i?><^208.-Jf/l.h. Sficoll 
«0r^:'32ritt5g3 0 0 h {cSSft^s . 3 0 0 .If/P h 



fflSSrS2 2^^tf. -f>'yN-^24a. SSS2 2^r) 
a5*5r. 1 0 0 k H z 20 0 k H zogfflrtco ® 
0 6i<^)\,Vff>JVVX^t^mh, ^ y)^-9 2 

W«S2;lfc:j:-,-C$G»$^i&. >f>-A-^2 40ifJ^ 
^^ffiS26fciJt,^T*«>l 2 004fyPhfc#ff$ 

i^n >'Tyif3 2 1 ^^tfS^fg 2 8 J: oTiffgl 
1200.-|r;Ph(ca^$^T.§, lHl»3 0*>4>iOttSllSi 

f»s^$o«-r&HVEMffliS2 1 »cfg^$^LT ■ 

^>''j.-yl.4 0<08. l/*FCo3tSffl3yT>i;-4 

[ 0 0 1 0 ] 0 1 <C:^S*lSCc7)||tgJg®{cfc^r , 1^ 
-•r • J^XrAffit7)An.xx;^;|.^©HB;5f^ 
-)V2 0 J: -,T i,;tA ^ i:t=^ Tft 

«j®*i^'i-/l'2 0{cJ:oT3ESffl3yx> 

1?-4 2(C#a[§iri;tiax^/P:^f^J{||it, ffiiSt-SS 

•>'^4 6 1 J: -,TT5Sw|lIg|;j.4,^ 
ii^-i. S J: 3 (csg^ 100 *»®Si&SOffll LJt i t 

[0011] (SSSi'^Evi-;!.) ^SE^y^-;p4 . 
0«. -<!0^:^®{;ijv^TJi. :^flrai^a8. 1/z 
F 5- ^1tt>tii)b\,zm^zm.^itti 3 >T i^?iJT'i5 
Go?^3>^7fi^4 2$-^tJ. S£Ei)-S'iS4 4 
7'f-HA'y^«E«^j.HvmaBBI«IS21fc.^ 

2i03ts^ feUE ( ^mm&i hmitii,) \,zsm. 

^^^4 0 i M^.y K 6 0 bxm^^ti^ floli|g$^t 
2fcatL.T. *iiV«ffi8 3t84i:coH{cf^r)aj-r 

[00 12] (AVi.;^^igifai^§g,2, oooK/p^t: . 

feV^T. 3 i^'i-yk 14.00 0;if;l.hco^fc3iS 

^"ovx ^mth k d fcgtt^/iTt ) ^ counts 

f::fci'^T<i. 3Emffl3>'Tyt4 2^1 QQie.)Vh\^% 

^itiibit. mm2 0{zt->xm5o^^^u-t^ 

Sffi^iS(I9Pg4 1 *>-5,<7Xi^;&e|£||^^;^ ,,^4 4 

$^^Jt3>'-i-;K0^5^X;^;^^$■, SS8 3i:84i: 
01^014. 0 0 04?y|.hSSli.^t^e^sg^gpg 



!(5) 001- 



168430 (P2001-16JL8 



SGR. GTO. ai/MCT^rfc'iOid^:. flfeCOX^f >y 
Ty^4 2 SriR«$-l*-|.yii6fcX>f ■y^4 6*^ tTV^ 

[ 0 0 1 3 J ^'vix^s 0(r>M i 

g^fflt bT , o J: 3 C^mffln >T y-9-4 2<7)fBt 
Ji. 06B(cs^§ix4i3*i. Ci8. 5)uFa^7^y 

[0014 1 (£^W® 1 a^) ITteft^ >'^^' ^' 5 4 
3>T>-t^5 20^^|flJhL. i>:V);Cfi^Sn!t 
ttffit^r').. ffi(86 l<OS^lglt<0:t*tt, @6Cfc* 
^tlhX 0 (Z. 3 Vryif 5 2*»^ 1:2 3#E^\Vl'X 
5 6 Srffl-:) T Cp-f 3 i^T^-^^e 2^«9m?t<7)«S 
IKM^f®l«> 5 5 0 tZ-kXry FTTi' l> J: t^t 

ffiT*o. 7po;K;n-.. 1 7., sopry^-r. 55. 

Q-fy-fe;<ryH<?5A/Ux«BiaS:16. IOGjK^I'H. ' 

ooGp.i 3 yfy#^J 6 2 t^StLl. . 
[0 0 151 (jEffi^-y K • ti^'jLf^n') ffi^-y K • 
^ j^a-zl^e 0«S(c.^:?/l-xjgSrBEi^-r?,. 

[0 0 161 \Em(om2m) Lp.i^^^y^^' 
:J'64 (»i 2 5 nHfoi^-^ y^^i^yx^n^) 
Ji; : 1 6 . 5 n F Cp. I a>T ^':9-i?iJ 6 2 comEJrlJta' 

rss oonasic^msii. e.-?. msis s t 

84 1 fcit tTMf«fc:m^KSiKS*l.^ 1 6 . . 5 n F 

Cpt-dfy^J^- nyTy-9-8 2(c8SDh.l. (ffHOO-?- 
y-fe;^?:/^^) ■IfcS'^tgfc-tS. Cp.f-dfX^ - 3 

vry-tB 2S^^mtS3tftt:, 5 so^y-^nryv^ 

(nmvx^ 1 0 o-f y-b*y b';S(7)>'t;i^;^t3^-rsc: 

fcjiv II 1 t^fci^-c 6 5-c*:t J: d m&<om2m 

[00171 ( l^-f^^ W-^S* i^*- 

iftT-ij I. i^-^y^^ ■ 3 >-r >r-9-8 2 fc: . 

»T*6»10 0-^y-b;<f>:H<Oft. tf-^y^ - 3>'Ty 

^S2<7MMi^\A, 0 0 0.-K;PHcjiL, 

j(cm*«4&ts. »m{ii«j5o-^y-fe;&yH^#, -e-^s 

788^*trJ:5^:. eay»&»E<-fS-''f«y^-i^86 
;i';^{±. I<? 1 0 s 'J i-'a-zi-co. $15^1^2 o-^/-fe;«y 

Ym/24.8i-y ;<-h)Vff))VVXX\ ^a*W2 



a 0 o>''<;Px-C'J>.s . z<r)fvvx\iv-f%is^9 o Sr« 

[00181 (>"C;P;^ • X^-yl'rJfcOKffll) 7 * 
- K 9 2>A<iD^^{i. 1 0 0«D7"o-fe .y.-9- 1 0 ' 

L < Jifl!lOja4<7)y-?;l/^ • x;f • r-^' t ^iSffl 

I'-ifdMloJlvvN-xh mo. l#<^tf 

Jtl^Sfc J: oTfiT hflh. 2 0 0 0Hz tfcttS 1 0 
0>''«/l'X, 0. 5#<7)A-xh<OJ:d^) "Cf^irri^J: 

-fe y-9-l 0 2{i. .#glj!Srr/P3'UXAtJ-r>Trn^9 
-?-fL{i, >'NVPX*^'ii>/'«/L'X-^OX;f/l/^ 

)Vx<r):ii^)V^m^. Rif^<ni&^<r)f^)Vx^T-^ 

fc««C. fit«jg<0>''«;l'X x;^;U4f^-f-^ffiffl-ri,. 
::i7)fffi[{i, ;(7)r;Ud-yXASrfflv^T»3 5-7>f^n 
HO^tc, Mffllffil 0 0<07*o-fe<y9- 1 0 2iZi. 
-iXmi^ixh . V-^ ■ vNVi^xji, 06 C tiJV^T* 
$ilSIGBTX-< >y^4 6<0To^fcAc^, *s>5v>f^' 
D-fe;5ry KT'^g^t; *«;2 civ^f ^xi-t^yViiu^'f 

S . ( X>f -y f-4 6 (Oj^mtkliT o t m£tl^ . ) JS 
oT^ frLv^MfflimE<i{i> ff^OAVPX (2, OOOH 
z (CfcV^T 5 0 0-7 -f^ D^i;i{f >- H ) co/^ 
«)<OIGBTX-f •y^4 6<7)^f^. *57 0-7-f ^'O-fe , 

(ia6AC^i^-rJ:dfc:) . c:<^r^^ 
3-UXi.i7)#a{i. l^^(:Biai{c5iyi#fl=#ifjiL## 
1109/034, 8 7 0l:fcV^-Ci«BHSnTfeO. -e/i 

[0019] (X;^;^di^£7)IHll^X) CliOift tV^SfeJg® 
li,^E«ffl3yT>-9-4 2{3$>i.HiitO^^Vl^:^*»4,coia*J 
^:x;r-;l.^^lHlflX-ri.«i^lHlS&JS|lliL. ^tiii+^iz 

5 8 tx^;i/=f aiR:?'^ jj— H 5 9 1 *^ C 

nm:3.y^y^4 2i:mm'^xmiizwk^tLi:imm 

^*>^>^l.. x^/l.df[lliR|5IIS5 7lcj:-?Ta«$^l 

izjEmizii-^Lx\^^j:\,>t\^omAx\ tti. m(7)-( 
y\::-iryxiitjvi^xim(miizmismti, fcv^d* 
mizm-^\>^x. n<^ijmzm^i-h *i±^NVi/x 

3!p^>%^$it. ^tHifVUx^'>X7-J^<r>mt^iiZM^ 

r>xmmLxmi>, ffi<s^-yK6ofcsa[^4ots-ii 

r>TjafJ^x^^;i/4f:{/5gffiLTM-:>3t:t^. ayho-^ 
J: !> h y J: 0 . x^f >y f-4 6*^'^< . 

X^>/l'df[5iJRIi|K5 7{i. yMt-Y5 9t,zXhHy-Sr 



!(6) 001-168430 (P2001-1 



6JL8 



ofc^n y^fy^A 2 tx^/uifrnm^ sat 

^9 L b. 1 l,x^-i.htlh . ^iOl^coSit 

10 0 21] m&^-y Yffi^ma^ y^99<ni^i,zii 

^TX«aSl2 6*i/i>, *«t>f>':J<>^Lb2^iiL 

-a5B2-l*r5rj^.f y^i7-s,Lp-16 4^ii 
-sTjt;^. ^Bt'f >;*'^^Lb3^jioTB2<7)A>fT 
26fc5?i,. gi)«^B2-2{± JE»N 
•/ H 6 0 tScS^^4 0 1 ^^^LTt^S H V^rl^^;!,^ 

>"C;l.>^^Si02a:^SraoTSflf!^t. 

r/^'>f rx^mx^^?,m^m^xm2ff)^u rx 
10 0 22] (m^osm«o:^[fii) wCOitS©^®{:fcv^ 

T<±. l6«9rmSl 0*»^>mS^. -eLT«S84 2-S 



[0023] c<7)»^ Lv^HSI^Sfcfct^-cil. y 
i-4 emthil/i^iz. «g5*5a>'x>-9-4 2*> 
'os ^>^^:^':^'4 8^ffl-:>TC^a>T>^^5 2 (C^i 

5) (CI&I*-d*|tiJT-^|,J:d«w, Cott. (0«;c.(f) 
3Et07 0O.-K;l.hT'3E«§^i^. mtXoizm^co^ 
(1, C,3i^rV^?-5 2*-4,. ^>c;^xsass5 6<^l<^: 

/I'^^ftf^^lSjIi, 3t«ffl3>7'>"(^4 2*>4,^-{;l,x^ 

CO 1 ifei^rt 2ijyi.-rfc mijizinfim^ff)^ 

ii^ mti>mi,ziinfxx$>t, mmiz^ mmm 

^^/>2d:mm^x-m(f3izCj.,ayTy^e2 
t'fr#. >:*':^'^6 4Srji-5T-^etr{c:Cp3>-ri^ 

■9-8 2(ctT#, -fv^^^s i^iio. Jfcmr^xv^ 

"tLxwMss^m-oxm^i, ^-oxwf 
a. ^vuxmM5 6<mx\ ii^mcom. ^vux • 
fi^^tmt:^tzm.?,. ftmcofeit*>(c. a^t^^ 
i^'om.ii±v9mLfzJ:dtzmiz^tL. -^on 

iz. :c:^f\^ifmmtmitimizii\,^x. ±M<^id^jM 

10 0 24] i (m<^mmmm) m t^^mmmc^ 
^m»(oj:*)m^j:mmm3iz^^ii?,. msiz 

SX'^l,. ^y/i~9 24H. mmzli3'^<7)^ yn- 
9. 24 A. 24 B. m.V24CXhh. ^ yj<~^ 
24Bt24Cbii^ 8x/PCo5Emffl3>T>t^4 2 
<omE*^J&T«flE J: 0 5 0.-if;Ph^-^:(,v^fc(i r^j " 
fc^tl, ^>'A'-^24A{i, Co4 2£0«E*>- 

a^ES2 6A. 2 6B. teJ:yr2 6CJ±. ^h^kl 
kwff)^X'$>*). ^i:^^12 0 0^,\.Hzm.-t 

[0025] 3ooy»J.y>''ScS|5lS3 0A, 30B, 
feJ:l^3 0C*s?5$*iS. HVSig$!lffllg2 i<i. 12 
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C omEt-:?4 4j&>A<?)7 -f -H>'n*./;5'M^4 S.fcifc 
7 -f - HA* .y ^'mE*«JlS5SES-ie;t 

>yf-3 4Ji, misrtfc:^$^^rv^ytx;^;^difJ^iicijt 

Q3^^ISX^-y^3 6{i. V%*»^Sji 
S# . f LT . Q 1 7' U b* •. X-f y f - 3 8 {d . G o <0 

msa^/^mEE^t ^ u< ^r&i -ec © 4 2m&i u 

UilH<. 

[00 261 (Siei'fcffi®'s«yFt<0paF5riiHB>.SE 
g|?^4 0 tE^-y F6 0 1 cOiSgpa;!)*® 1 il/^H 

[00271 (4i§ltf(Solid State)X^ >y^) ^* 
(Solid State)X-f •yf4,6«i, 5itffl^>'v;^'<-T!Hi 
You n g.woo dtwVl^Sr^oPowe r ex, I 
nctCj:-5-Ctlfll^tll.P/N CMIOOO HA- 
28H I GBTX^[<y^-Cj>.5.i 

[00281 (-f VrJ^i'rS') >f >'r^:5'4 8. 54, fc 
J:tX64{i, 3fSn#i*^5. 4 4 8. 5 80^. fcilX 

^5. 315,61 i^fcie«j$*ti.t<7)tcinp.io^ri& 

ft-f >^:/^' ^-T* I. . "Tfilft'f. ^' 6 4 <0±ffifc J: 
tmffia3&«^*i'e<i08AtJ<J:iX@8:Bfc^$iiS. L 

8 B {c^sns J: ^ tc. A 9.<mf\Jm.-kW&'^ 

SWT's mmm^m^ 01.302, 303, 

tJj:tX3 04*^aii$itS. c:ti^>jam3SBrmi, i^x 

ri^tfcft-i. ^^^^ ^<D^mt:mm-t?>^^Jvximt 

o-y H^ji-5T, 1K»37'30 70^Hfc:4OWl'-r 
Irf^S, ^a«i3 05*-/i>AO, ^ifetcj)!. r 1 j 

1 1" 1 J i::S#»t^>ii7ty;^ffltcft|.6o<D/jN$v^eg 

it, 3 0 6T-aj|.. «Si^Pl^^igi#tCct-5T»Jjfe^n 

ft&<^^'-yo^jso-y ]^b(r>mzm^t:mx^m.n& 

[0 0 291 (rj^ry-t) 3>'Tyt^?il4 2, 5 2, 
feJ:y^6 2{i, ^TJ^tSli^SfVi^tiaconyTy 
^np^f>&Lt. zti(>(DZ!yTyvii. ^ffl^g-yr 

!HlSmyrna{C:t7 -f X*i$,SM u r a t aiOj: d^rttl^ 
^':?t2rS«|-r&;^ffi<i, *ffl#itll5, 448. 58 



[00301 yxVWXia^SS 6{4|3|tt 

fc:, JiTOIlFms. 4 4 8, 5 8 0-tiJJ:t/^m5. 3 1 
3, 4 8 l-t(cieaiSirsn;i.;^^S§fcamt'J>S : 

5 2 3 fli«^^ yiS^^ V 3 > •. JLX -y h fcj&^. 04 

^vi'X^^s ecm^Tp^iii . ismco-iyy^i^ 

ay- jL=iy hO^iieiiJi, 2^<?)75yi^' (-eit-f 

\i. 04c^J!Sigg5tCjBoT^$ixl.J:a<=, 

6 B±<7)jEm<7)«^{cSt LTdf/I^ htJROf+lt^.itl) . 
te»!|*l5 6 CJi, :ffL-f-h.«X7--T;K=fcSiEO®^ . 

yi/iO^^yv'St, 1 i: 1/1 6-Y j'hso. 
8 7 5-fy^, 'mm\/32^y^(n^'&-^^)yyi^ 

i>h. 7.'7—)\AA^\A yf-, W^Q. 7m i: 1 <DM e. 
tglas" 2605 S3Ai:Ji;^0. Imi ICD 
■7^ 7- : 7 -f;ki>.tT', ^$it/>:Me t g 1 a si^« 

<o^il$**2. 2 4>f y-ffc:^:Si-C^S*»iiS. 05 
(c, 1 oco 1 <?:^^SrJgi«LTV^S loo^i^|!xr-;P 

[00311 ^«i02»:iiitt, #o<i^§tifem^ 

'ryvxm<r>x3^,YX'hh. 04t^$ti2. J:d(w, 
^a4o<^liSt5i'(Crih!)»ttTV^I.. 044'-C'5 6Di: UT 
^§tLS;^xyuxa!<02»:)lS«, 5 6E{ct5V^Tl5lK 

»«i5 6B±(7)SJi!!'J-H{=»ffl5$il, i^c, iS;mE« 
^{i, 5 6FT'^$iiTV^I,. it^Sitfcidtc, ^ 
>' g y ■ jLr: »y h t -S^ t coiao 7 0 

^if'.}VY(r»VVX\t. 2Wli(n^=t5 6 F{CfeV^Tfi<^ 
16., 1 0 0;lf;l^h£7)y^;i/X$rJ^1-|,it{c^rl,, Z 
n 1 <02<i^^i&t|-{i, S46T^v^aj:'ji^i*>± 
mvmk^Wiz-fhfm^^\^miAyY99y::K^ 

[00321 ( i^—r g«mia5fDOi¥«i > c p 3 y-f y 

1^8 2«, ^DE«<^lia5tC^$iiyt:28ffl<00. 5 
9nf -jyTy9-?i]*-^>fi&l,. (il^. KrFP— f 
ti, 1. O^csO^^'jT-hy, 0. l%07-y#, fcitJf 

s. ) msti-enm, *«j2 8'f yf-«<^k^ws# 

T', ■5-it4>«i*>)0. 5*>'il . 0-f y^ilSixl., 

[003 31 (SiJc7)||Sg}e®) 

(.Wm.^) lj&<r)'y:^TMzii\rt:\t. CoJi, EcD 

«ET'?Es$*t, a^^ogaittu— tfs<7)g!ifimffitcA 
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[0034] .{mmm) mm: v-^<r>mkm 

*«+ 1 2 0 o#>n- , ^fcfrAJ- 1 2 0 0 h s-^^-r 
■h2-^<r)mwjmm^tih, mix. x^-y^Aeim 

hmtQhi>. LtpL^jrifih\ AbAtm^. tfi.. 4 

( Zff)m^+ 1 4 , 0 0 0 /•Kyi' 

feV^T + 7 0 0)lf/Ph(C3tm$tl. 46AmtXCo 
A*Myr^'^4 8l:iiLT»c^#SJ:dfcL. JJJW 
T-4 6A«^^, ^tT4 6B*<RtTKI^^^l/v:X;^ 

4 6 B*«S<. ^V^rC ©Btt- 7 0 O^Jf/PKfcrJSl^ 

t:ht:(>-trcib{zmm$ii:i,. 

[00351 (sm^-ymm) ^m(r)Zff)m 
mmm\i. mi oAHiix/mioBiz^^tLiEEm^ 
•y m^im^-tti. 01 o«p^i^ • s^x-fA<7)i!ia5 
^mmTh*).mm8 3t5Xx/84iztmLxmmv 

-V - ^^i^A-fUcoWMir^tX^^h. Z(r>mS^i. 

t:ibl,zm^^iifzi>!^ nmizm^ y h'<7)3g#v^3^^ 

ai 0 Afeii^ai 0 BCc^sns J: 5 
iZ. n^ffjm^ii^ 01 OAttJJt^S 1 A. fcjrt;^ 
1 0 BtCfcftS 8 1 BT5^$*l5ffiffi^.5' K<^«fcJ& 

-3;^vr. fcJ:-e2 8'f >'^:R<7)XD-yh • ^'T'giK^io 

( M^_|,-7-^) Mu 1 t i 1 am (S 

mm) ff>TX'M.^^tix\>^h, 

[00361 isKsmmi. TTttfo^f i^tAm. 

@6 -f >i'<7)m*j:mfsiW&<r>y ^yij^xv-y^ 

(^ym^ri^-ttOmX'. 01 0A<7)8 9(Ci>t^T^$^i 
IMVfiXolz. I^t t\>'>y ■( y A' ■ xhy^(r)tt 
m. Mu 1 t i 1 am (^m) TS>h, Z^WM 

{i. ^tKti^mmmj^Mffifcibiz. m^xEE. 

[00371 jfifiSSi^ 9(ryti)itmiS(^y Vmfny 



LxmmLX\^h. Ht, 08Bti^t/c<J:3^rii@« 

^y-f^m. ^x<r)i^-)i'^m4 ivmimm. 

308fc5j^f. 

[00 3 8] {mdtm) ^mmmtumm 

ffifcfcv»Tti. 01 J:i/02 Cc^^ixS . 2-o<0Sgg 
Si: 1 oco-f it^Si: mm-fh . ^ 1 

[003 9] ^<^»t Lv^Hie^SS-^^miHlSSIi. 
0 h/4 0 ry^T, aj:ft*^Egg 1200 .tOP h 

5 07>^r^jtog2fi6«jaasjS2 0 oii^m^ti 

h, IPii'hmMM. E 1 gar/Sorensen, M 
axwel 1\ Ka i se t5j;t^, EMI/Al e 
<oip^r«|&SI#*>4>A^-C#S. Z<7y^\i: 325 
uFtiy^y^202^. Wr.^ixt^m&l'OV2 2 2 

<'^*j:hXoiz.mm20Ai,zSi':>xwm\,z^x.h, 

W»&2 0 2\mmtZ. I GBTj^>f y^2 0 6 5-*g^ 
tiOfflt. -?-t'CM!&*<t. 3>'T>-9-2 0 2*^^>n>' 
Tyif4 2^tx^;P:^f^^$-|J-S. >fy;r^:5'2 0 
8{i. 3i>-7'>-1f2 0 2i:4 2i:<0^<iS^»l§ifc 
m.LX. |l|ffllg2 0 2l±. 

3 yT>'-9-4 2 iOSEtifcWS mffi7 ^ - hVN-.y 2 . 

1 2 1 . ^ yy^f 2 0 8^a-.TaSt$mS[fc:ik0!lt 

^ - PA'.y ^ 2 1 4 i ^SltJRS . Zilt>2r> 
ffyy ^ - hVN'-y ^m^t^h. m&2 0 2{i:. -^cTjlSS 
iZl GBTX-l •yf-2 0 S^SMV^J^^i^a yTy-t4 

2(^)«»mE^. m^sxmn-ri>ztm'%h, 

X. SIffi^2 04(cft|&S*iyt:}g^^2 1 om^ 
T, *l^$iTJtg^««£E2 1 0 tmL-thtz»){Z. • 

3>Tyif 4 2 1 ^ yy^ ^20 8 tcortsstsasit 

*^(i. MmM2 0Ait. I GBTa>f .•y^2 0 6$r^fc 
[0040] IGBTX-f •yf-206*s^V^7t^. -{^ 

2 0 acmm'i'izmm^iitiJi^fu^ii^ jj- 

-KgK2 1 b-^^-yXnyry^A 2tzJf^mhZt 

iz^j:h. mmixffoJi^/u^mMffMsx't'jx. 3 

>T>^4 2£7)ft|^^fiEJ-t#:4-^^T-*»!>3^J)T^ 
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m2 1 6tt. y;^^:? 2 0 8* S-SaxTVv|,«gE*5 
<|tjtL;ti^, «0ffilffi2O4fcJ:-5-C. BtSJr^tsfg^ 
SiiSCitic:^!.. 3yT>'1^4 2i:giaf|2 2pfco 
^^^t^, 3 >'T>^?-4 2 Srlgfl^SfE 2 1 O'vt r U 

i.iJ^v^i^irji^HcTjfiijSiti^ i^frOK r Ft- 

-if J: "9 t,i5^ffift ( A r FiiXX/Fi ) V—fiZt-yX 

iz, J:'5^<^ffii^Slig<OA-K'>xr«3C^fcJ:oT 
[004:2] fvu:^^>'xr^<^i- O^v^i^iOKi 

^sti. -^mi^yy':^i^yxhtfz%m^(r>m-t.zX'> 

tt. mi&<r)Wii%E.ifV-'fm.^z1s&thixh:it\,z^j:h 

^<r>^^m-^^hfz»>(r>m(r>-mmm-^^x'h 



[o 04 3 J x>f •y^ffms.bi»}iffm\mm^z. . 
mzimfh<7)x\ mmzt -yx-mt ^tihn-<7)^ 
Kmt(r)m^'otziii\,z\t. mmnmfimx'h 
m'^m\>:it>.z. zirm:ifiitzmsmf^^ 

m^\,zt^x{>^Tt^mm'HzthMmt lw . 
±3*u/iidfc.,io<oiiJra3r*«, m^(>hi>3-off> 
=iTtzmihti. ^ti^ii(oarii. '^(fmimimiia 
^■^ifzMz-mmm^tixffc. n^i^it^h: ztch 
o<gjEWJi*fci-pT. mmm'-^zmiithns.b^ 

\izm-h 1 ^coiB^cSrStt. J: 0#v%3i:^>±0!^*»ll 

[0044] HuSPgai^jlc^JiO^SJi, t^5v^>?>^:^ 
^cnma^ yy9'^yx\,zm/m'rhiix\.^h.M^t 

LX. \m<^x-i -/^[ittz^ ^ff>ny:>^-if^W&^ 

Lxt t>tifz<r> k mM(oijmx''ff ozt *^t'& i ( 
mm-^-^&zti.zii'yx) . tt^i^j:ti^^z(7>m^ 

^im±^-^izbi,zii'>x. ma^yyy^yx^^ 
%-th:itx'hh mm:hii£. mi^yyi'^yx\i 
zff)f^'7}<'-^{,zmmti>t^h'^iyh) . m^en^y 

bt. m<r>m^^j:»i&^ yy^'i^yxim-^'^hzb 
biiatt mm. m&Ayy^fyxmix^iKrtzi 
yry^^^mU yy99yxts:<ryX\ .-?-*l-Pix<7)x* 

d I /d t v^vb(r)mx\;zn%x 

1 0 0451 {.m-UzWx^) m.\^fzX d m 

lo|?<7)fffflg*i5tmLtv^|,i^t:^t2.. {li:']gbt!>^> 
(TiWxWSLXhh. CicOjiftmgSJi. ±«E>'NVI'X&JD 

x.s«rt:. v-ifmffis<^>m£E<^±#s:«<isrigifc&«* 
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looAeraTmmthmmii.. ^<r>m.mmiz 
i. oT^i^gc: ^ti^'m^^/uxms±n^msenzm 

iim&tfii^-^izstf^j:\,^x^ tz-thmmi:mzmfTt 
i,zmti^ . 01 tz^.^iv?,m,j-^,uxmm& 

i'yyxbii. CptLpfCS$it§. BE^iggfioS 

iu^Lp-iizi:^x^^iii.mmiz^r>miir 
citixx/Liiziihxmniih. Lp-i^ffi 

?>mixbC p - 1 ifi^i t tj&t; C Pico 

met. i3t«!->TW— rSSIS<0fffii:c75J:#^§|f 

cp-ibCptcnrntzi^oi^i^hZbThl. 

[0047] mtim^^mA-tm-mmfTmnc^ 
smmi-^zbioxj^ii^macrmmb-mbxh 

mi. ±JVl'Xff>giai:^^JUifi,mlkm^yTy^^zwm 

■^ivfib^. ^ti^mtrititbizj'm&cmikii^m 

^yTy-fcommb^beomattz. c p - 1 *>^>ffljt 

v^*s;: 1>*>L, ^mz^<ai^^j:^s,imz.t£^ 

a^yTy-^.r^mmimmm. tsxx^^amtfj 
aga -. «»a{*g<oii« 5 o - 1 5 o i-y-t^ y H£o 
^mztHfim^m^bii. ^{tuo^j^A-x - x^^p 

^010-2 0%c7):^#$G^rO#5. zm^iWS. 
■r.-SJttot:. MlllS84'{cili^iiSx;f/l^i?^<7)fi^ ti:^ 

-'OjiSDO^X;*.yl.:^ff^S(tA*t&;ti6 
[00481 w<^lljtgfci^«/i>*UtS!<m?t*«*y'^, IBJ 



«^S3ti6fcJ4, ^aiiS\.^izmmLXWihhZbiii 

^mxA-xMiaimmmizRthzbX'hi^ mm 

mb ^tzb liX'^ S / L*>L . jSfWrSrmaniffig 

'^s.'pxzmmwcthsimimfTjiMw m- 
ti^tzx^x^i^&z$iimisff>^v\^x<r>mi± 

IMimeciz^^tit. <CpS£Eft®5-«agOC: 

b. ) ±Mtt:(r)bmmcr)mjk.mi. mib±2o=!^u : 

TiiA'hfiA'X b (om:fjim±-ti, fiibco+-i^^mEb» 

brnm^xu^imii^si^^w mtuzkttmE 
mT(^mmii. scki o omb\ ±Jvuxizm-t 
-eiti 0 t-r-> b:!^^j:\K 1 1. mti<7)T<7>mtizm 
t?>nEb»b<m(7)^izmtxmjtiffomifm^ 

0. 

[0 04 9] mirmJELti. -f*^ J: P ^IIlffi*JH 11 
il^c Pibmiii^ 2^(0^^f\^yiz^m^ti. ^z 

x'li. cpibcP2b<^ymbm2(r)m^cpizmi 

if/^ii. t¥->T, cp2bif-fmMb<^mco4yr^' 
i^yxLp.ii^ mm^j:UH. LptiBitit^^. 
H 2 Oi^4^e p 1 {4. V--r«fiii: c p ^ t *> t:>«imm^ 
yy^9 L p 1 {c i -iX^-m^ixi, , m^izw^^ith 

m^i)^^. i^Piom^^ yy9^yx\i. wmfi^£^ 

yl' -^yr^^yxLpb mucmt,zi^l Z b i}^X'^ 

[ 0 0 5 0 3 c p - 1 '^i^tx\>^i,mizSmitmmii 

Lp-lJ-aaS-fSOT. r<?DSS{4, CpitSfEli 

mm^mz-tzbiz:ti:i>. ^ma^y-f^i^Lp^ff) 
fzibiz. ZffymSii. Cpa^i^-- 

^^zbi,z^j:h, Lpi<omEb^b(ofUi. mmmz 

X':>X^^iti>t^fii^.^VUX^:m:L:^J:\,^^ol,zm^ 

^titf;^. ^mjb')iz. mm^if^^ff)mtLmmzi 

-5T?l§iec: $ixyic Pi<o«E$-ffljfri.o;?i<?D-9->f 

XiiZ^hl . -B C p - 1 *^K:3teS$ilL p - ins 
mithb. Lp, (j^$-g-4>:h.-cv^5) fcLpafeiO 

mmm^xm^^iiixo^j:. cpytcp,bm<n 
m yy^<$'yxmi}ix^?>x o lp, hmm 

:J^^:5'y;^Lp-l JrOtl 0^t/h$<,^-,-C. C 
P - 1 A»4>C p, ±j itXC P 2«7)M5«fi^'^c7)^a^ 
tc^LT«. fkb'i>.l<ti^<smt:^i.yk\>\ 
[005 1] LPiCOiaW-O-rT^^yx^tLpfc^lf 

wti^tt; (fi^oT, Lp.bmttz) i^?,zbifix'^ 
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C p, a yn'y'fmSi 1 0 2 i: C p 2 3 yT>it-®S 
t(m<^]^l^mkLXO. 005>f ^^JiKapton 

■ mil OAtLX^^^tlX\^ht^. L*^L, 0ffi±T1i 

«>) . ^>«fcffiv%l^'f:/r^'^'y:^&#oJ:oKfP& 

[ p 0 5 2 1 fft Lv^||ifi}^®c7)i¥*lll@*5H5tc*5ti 
S. 01 2t=S^§itS®«crW-M 0 0\i, Cpja 

H t . sima^ yy^ ^lp i wiiafi: nzntxim 

thfzif^mmTh 0 , ^ionasji; mmin i o 6 

IMe t g 1 a s s^^COio^m^l^^X-mm^tl 

SSJtt Cpi*>/i>T0, */iCP2 ti^t>mz^ti& . i^o 
^-oTC p»m«*S:C p, i: C p 2 1 lcKfl)a*v7)SJI? 

2-5(7)#;t^r*s3^|,. |gm, CPi<?5;*c|;$,X'ai2.. 
C P, <f^feix|. i: t^-^.; -e«Oi^. L 
P - 1 5rai.Sh.ftgEt J: oT^l^ec: C p 1 ± 
<omEJt#Ji;^§ < 0 . L p , >T^^ V:}^;? ^(04^^ 

c p 1 c^xi^^fr c p»«$j|<^# v^:fr<o^«i|^t it 
[0053] il2<o#;c^r(±. c Pim:^^xhl, 

i:.*i^i-*»->T»r'>l.. CP20a«$:il:*c$-«:l.^t(i> 

av^r y vr{zi.'^xmm^^tihim.v<f\^iWi^ 

tfz^^X:ifX(r)^m.m)-^^'&.^Wm-^^ 
t<zt£i>.K-m<.zh. :i1xh2'0<r)^z.1j\i. Cp,t 
CP2t<7):*:#$tci:r>TffiR-rs^^ft|.. Cp,<0 

^cp£oi/3*»^>2/3oiai:', Tv-\m 



^^htimz. X'%hm^±%<^htih'<^^X'if>h, 

hPi^zmhrtii\^vhWtm.mism^m-^^ 

xrM^Lt^mi^yy^^yxiMt. 

1 0 0 5 4 ] lMlzm^.Lfzmtzm':5\^ 

x. ^mizmi§-«m(^mmm^mx'hhtm 
. mcomm&b^ixhcommmbtzx-oxm^ti . 

■ 

m5] ±mmL\'^mmmiz}5\i'ixmi^tihJvu 

:^^^i^(r>VAm:ComX'hl. 
[06 A] JJEffi LV^^iSJ^Si&ffifflLTtVNVl'Xffiffi 

[ 0 6 B ] ±ie»^ L I mmmi&mitz^'<f\^^sm 

^^tf^&^^-hX'S>^. 
[06 C] ±gEff^Lv^liitJg!B^ffifflLys/'?;PXffiffl 

[07 ] mWVi:x.i:^-x.ht:tfx7}fSmik^tifzm 

mx'hi>, • 

[08 B ] sima^ y^c^ ^cm-nm^h'^tMxh 

[09] ft«ai!iii&^-tlIIS8HT3bl.. 

[01 OA] »iLc^iift»iicm&EEiii;-]^<og. 
.[01 b.B] »iUv^S6lt}gffifc:iJftSffi«By-K<^ 
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HIGH PULSE RATE PULSE POWER SYSTEM WTTH FAST RISE TIME 
AND LOW LEAKAGE CURRENT 

The present invention is a continuatipn-in-part of Serial No. 08/990,848, filed 
December 15, 1997 aiid Serial No. 09/118,773^ filed July 18, 1998. This, invention 
relates to pulse power systems and in particular to high piilse rate pulse power 
systems for electric discharge lasers. 

BACKGROUPO) OF THE INVEl^ 

In typical gas discharge lasers a gain mediion is created by; an electric^ 
between two elongated electrodes into a circulating gas. Very high voltages are 
usually required to initiate the discharge but once the discharge begins, a plasma is 
created which reduces the electrical resistance between the electrodes to almost zero, 
effectively creating what is almost a short circuit. This requires a method to linut the 
current once the discharge has started A common method to deal with the two issues 
is to provide a "peaking" capacitor (Cp) in parallel with the electrodes. The peaking 
capacitor is periodically charged with the voltage needed to initiate the discharge but 
with only enough electrical energ>' for one pulse. The iahnost short circuit between 
the electrodes created by the high voltage drains the peaking capacitor of its energy 

. which terminates the pulje. In high pulse rate electric discharge lasers (eg., 1000 
pulses per second) a gas circulating system produces a gas flow (such as 1,000 
inches/second) between the electrodes which quickly replaces the ionized gas 
between the electrodes resulting from each pulse with fresh gas prior to the next 
pulse. The next pulse is generated by another quick charge on the peaking capacitor 
similar to the prior one. Thus, it is the job of the pulse power system to provide on 
the peaking capacitor sufficient voltage and electrical energy for one pulse at a 

. desired pulse rate, such as 1 ,000; times per second. 
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2,000 Hz to 5.000 Hz or greater. . .. 

SUMMARY OF THE INVENTION 

an^ a c^ta^ngi^^, .««a« ^ ^ 

per second or greater. * 
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A prefened embddiincnt of the present invention useful for providing electrical pulses 
for cxcimcr lasers, provides pxilscs of up to 5.5 Joules per pulse at pulse rates up to 4000 
Hz OT greater. In this embodiment a pealdng capacitor is charged with up to 5.5 Joules 
from zero voltage to a discharge voltage in the range of 16,000 volts in about 100 ns. 
This is substantially faster than prior art designs and provides significant improvements 
in lasing efficiency. This faster rise time is achieved using two stages of pulse 
compression and a 1:23 pulse transfonner, with a four-sectioned straight stainless steel 
rod as a secondary • 'winding", in between the first and second stages In this preferred 
embodiment pulse energy of each pulse is controlled with a feedback control system in 
which the ener^ of previous pulses are measured and the measurements are used to 
deteimine a contror voltage for a charging capacitor. This charging capacitor is then 
charged to the control voltage using a riegulated power supply. Extremely rapid precise 
charging is provided in which the chargiag capacitor is charged at the rate of about 3 
volts per microsecond to a few volts in excess, of the control voltage then bleed down 
through a bleed circuit to the control voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a prefOTed embodiinent of the present invention. 

FIG. 2 is a simplified circuit diagraih of the above preferred embodiment. 

FIG. 3 is a combination block diagram, circuit diagram of a high voltage power supply 
which is part of the above preferred embodiment. 

FIG. 4 is a prospective assembly drawing of a pulse transformer iised in the above 
preferred embodiment 
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FIG. 5 is a drawing of a primary landing of a pulse Wonner used in the above 
preferred einbodijnent. - 



. FIGS. aid 6C are time Iir,e charts rfibwingpulsc compression using the above 

preferred embodiment. 



FIG.7isasiinpUfieddrtuitdia 

HGS. 8Aand8Barediiwingsh6wingtw6viewsofasaft^ 
no 9 is a cireuit drawiiig showing a resonah^^^ 

FIGS. lOA and lOB shows the mounting of a compression lead in a preferred 
embodiment . 



FIG. 1 1 is a modification of the FIG. 2 circuit di^ showing an embodiment with 
reduced leakage current. 



FIG. 12 is a 



cross-scctioridrkwigshcwingoie jj 



circuit. 



DETAIIJED DfiSCRlPTION OF PREFEWffil) ElVroODE^ 

Prefered embodiments of 4e present invention can be d«cribed by reference to the 
drawings. ■ ■ 

IFIRST PREJ^ERRED EMBbDIMElvrr 

A fi„t preferred embodiment of the present invention, which is the pulse power system 
for an ind,^ narrow-band KrF excimer laser, is shown in block diagram form in FiG. 
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1 . A simplified combination block and circuit diagram of this prefened embodiment is 
shown in FIG. 2. the diagrams show a preferred embodiment built and tested by the 
Applicants for converting 208 volt three phase standard plant alternating current into 0.5 
Joule to 6 Joule, 12 kv to 22 kv electrical pulses on a peaking capacitor of the excimer 
laser at pulse rates in the range of 2,000 Hz or greater. A system description is first 
provided below followed by a more detailed description of some of the iinixjrtant details 
of the individual modules and components of the system.. 

SYSTEM DESCRIPTION 
This iHefcncd embodiment is manufecturcd in four separate modules as indicated in FIGS. . 
1 and 2, each of which becomes an important part of this excimer laser system and each 
of vrtiich can be quickly replaced in the event of a parts failure or in the course of a regular 
preventative maintenance program. These modules are designated by Applicants: high 
voltage power supply module 20, conunutator module 40, compression head module 60 
and laOT chamber module 80. 

High Volt^e Power Supply Module 
High voltage powier supply module 20 comprises a 300 volt rectifier 22 for convening the 
'208 volt three phase plant power 6om source 1 0 to 300 volt DC. hiverter 14 converts the 
oiitput of rectifier 22 to high fiequency 300 volt pulses in the range 100 kHz to 200 kHz. 
The frequency and the on period of inverter 24 ztrc controlled by the HV power supply 
control board 2 1 in order to provide course reguladon of tiie ultimate ou^ut pulse energy 
of the system. The ou^ut of inverter 24 is stepped up to about 1200 volts in step-up 
temsfomicr 26, The output of transformer 26 is converted to 1 200 volts DC by rectifier 
28 which includes a standard bridge rectifier circuit 30 and a filter capacitor 32. DC 
electrical energy from circuit 30 charges 8.1 ^F Co charging capacitor 42 in coimhutator 
module 40 as directed by HV power si^ly control board 2 i viiich controls the operation 
of inverter 24 as diown iii FIG. 1. Set points within HV power supply control board 21 
are set by laser system control board 100. 
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Tlie reader should note that ill tlus embodiment as shov^ 1 that pulse energy 

coarol for the laser systern is provided by power supply module 20. The electrical 
circuitsiacbmmutator40a=dcompr«sionhead60me«^^ 

the electrical energy stored ^ 
example oftUscoirtroi. FIG. 1 indicates that control board 100 has controlled the power 
supply to provide 700 vohs to chai^ng capacitor 42 which during the charging. cycle is 
isolated from iie down stream circuits by solid state swich 46. 

Commutator Module 

Q.mmutatormodule40 com,*isesCocl«rgk^ embodiment 
3S a bank of capacho« comiected in paraUel to provide a total capacitance of 8.1 F 
Voltage divider 44. provides a feedback vohage signal to the HV powe^ 
board 21 which is used by control board 21 to limit the charging of capacitor 42 to the 
voltage (called the "control vokage'O -hich when formed into an electrical pulse and 
con^ressedand amplified in commutator 40 and compression head 60 will produce the 
desired discharge voltage on peaking capacitor 82 and across electrodes 83 and 84. 

In this enbodiment (designed to provide electric 

14.000 volts at a pulse rate of 2.000 pulses per second), about 250 microseconds (as 
indicated in FIG. 6A) are required for power sopplyio to charge^^^ 
42to700volts. TT«iefore-chargmgc^«citor42isfuIlychaigedandstabte^ 
voltage when a signal from commutator control board 41 closes solid state switch 44 
vriiich initiates the very fist step of converting the 3 Joules of electrical energy stored on 
charging c^tor into a 14.000 volt discharge across electrodes 83 aiKl 84. For this 
embodiment, solid state switch 46 is a IGBT switch, although other switch technologies 
such as SCRs, GTOs. MCf s. etc. could also be used. A 600 nH charging inductor 48 is 
inseri« with solidstate switch 46to temporarily iimitthe current through switch 46 while 
it closes to discharge the Co charging capacitor 42. 
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Pulse Generation Stage 
FoT the first stage of piilse generation SO,, the charge on chaiging capacntor. 4i.is thus 
switched onto 8.5 F capacitor 52 in about shown on FIG. 6B. 

First Stage of Compression 

A saturable inductor 54 holds off the voltage on capacitor 52 and then becoineis saturated 
allowing the transfer of charge from capacitor 52 through 1 :23 step up pulsie transformer 
56 to Cp., capacitor 62 in a transfer time period of about 550 ns, as shown on FIG. 6C, for 
a first stage of compression 6 L 

The design of pulse transformer 56 is described below. Performance wise the transfonner 
is an extremely efficient pulse transformer, transforming a 700 volt 17^00 ampere 550 
ns pulse rate into a 16,100 volt, 760 ampere 550 ns pulse which 13 stored very temporarily 
on capacitor bank 62 in compression head module 60. 

Compression Head Module 
Compression head module 60 iurther compresses the pulse. 

Second Stage of Con^>ression 

An Lp^( saturable inductor 64 (with about 125 nH saturated inductance) holds off the 
voltage on 1 6.5 nF Cp., cagpacitor bank 62 for approxiinately 550 ns then allows the charge 
on Cp.1 to flow (in about 100 ns) onto 16.5 nF Cp peaking capacitor 82 located on the top 
of laser chamber 80 and which is electrically connected in parallel with electrodes 83 and 
84. This transfoimation of a 550 ns long pulse into a 100 ns long pulse to charge Cp 
peaking capacitor 82 makes up the second stage and last of compression as indicated at 
65 on FIG. 1. 
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I-«ser Chamber Module 
AfaomlOOnsafterthechargcbcgmsflowbgontopeakmg^^^ 
ofandasapartoftelaserchambermodule80.thevol,ageonpea^^ 
«achedabout!4.000volt.»ddisd«ttgebetwe^ TTie discharge 

.- lasts about 50 .^during which time Jasing occuis within the resonance chamber of the 
cxcimer laser. The lesonahcc chamber .is de&«d' by a line narrowing -package 86 
conqirised in this exan^le by a S-prism beam expahder. a tuning mirror and i, esch^,ie 
gratmganda„outp«co,ipler88whichirithisexanq,^ 

Thelaserpulsefprthislaserisanarrowband20ns248nmpulseofabouti0m^ 

repctrt.onrateis2000puIsesperseconi..Thepubesdefinealaserbeam^^^^^ 
of the beam arc monitored by pfaotodiodc 92. 

Control of Pulse Energy 
The signal ffom photoaiode 94 is transmitted toproc^sor l02 i^^^^^^ 
the processor uses this energy signal «rf preferably odier historical 
settheconunandvollagefbrthenc«and/orfeturepuIses.Inap^^ 
which the laser operates in a series of short bdrsts (sirch as 100 pulse D.5 second b«sts at 

2000HzsepaxHtedbyadeadtimeofabout.o:isecontOprocessorl02inc6n^^ 
IS progranuned ,vith a special algorithm which uses themost recent.pulse energy signal 
along with the energy signal of all previous pulses m the burst yong With^^^^ 
pulseprome data to selecta ccmtrol voltageft^the sd,sequmpulseso^«^^^ 
pulse-to-pulse energy variations and also to minhnize burst-ta-buist^^^ 
mcalctdationisperfoxn,edbyprocessorl02incontrolboardl00using^^ : 
during a period of about 35^3. The laser pulses occurs abom 5^ sallowing the to ■ ■ 
firing of IGBT sxvitch 46 showit on no. 6G and about 20 s are required to c^^^^^ 
laser pulse energy data. (The start of the firing of switch 46 is called To.) Thus, a new 
control voltage value is thus ready (as shownon FIG. 6A) about 70 microseconds after the 
firing oflGBT switch 46 for the previous puh;e(at 2,000 Hz the firing period is500;^). 
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The features of this algorithm are described in greater detail in U.S. Patent Application 
. Serial No. 09/034,870 which is incorporated hei^^ 

Energy Recovery 

This, preferred embodiment is provided with electtonic circuitry which recovers excess 
energy on charging capacitor 42 from the previous pulse >vhich substantially reduces . 
waste energy and virtually eliininates after ringing. in the laser chamber 80. 

This is accomplished by the energy recovery circuit 57, composed of energy recoyery 
inductor 58 and energy recovery diode 59, the series combination of the two connected 
in parallel across Co charging capacitor 42. Because the .impedance of the pulse power 
system is not exactly matched to that of the chamber and due to the fact that the chamber 
impedance varies several orders of magnitude during the pulse discharge, a negative going 
*Veflectiotf * is generated jfrom the main pulse which propagates back towards the front end 
of the pulse generating system. After the excess energy has propagated back through the 
compression head 60 and the commutator 40, switch 46 opens up due to the removal of 
the trigger signal by the controller. The energy recovery circuit 57 reverses the polarity 
of the reflection which has generated a negative voltage on the charging capacitor 42 
throughresonant free wheeling (a half cycle of ringing of the L-G circuit rnade up of the 
charging capacitor 42 and the energy recovery inductor 58) as clamped against reversal 
of cuiient in inductor 58 by diode 59. The net result is that substantially all of the 
reflected encr^ fromlhc chamber 80 is. recovered from each pulse and stored on charging 
capacitor 42 as a positive charge ready to be utilized f(3r the iiext pu^^ FIG. 6 is a time 
line chart showing the charges on capacitor Co, C„ Cp.i and Cp. The chart shows the 
process of energy recovery on Co. 
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•.Magnetic Switch Biasing 
.In order to complctdy.utife the &1I B-Hc^c swiqg of the magnetic materials used in 
the saturable inductors, a DC bias.current is provided such that eaih inductor is rtrverse 
, satoated at the time a piJse is y tiated by the c 

In the case of the commirtator saturable iiiductors 48 and 54. this is accomphshcd; by. 
Foviding a bias cmrent flow of approximately 15A backwards (compared to the n«amal 
pulse current flow) through the inductors. ITiis bias cunent is provided by bitis current 
source 120 through isolation inductor Lbl. Actual cunent flow 
supply through the groimd connection (if the commutator, through th^ primary winding 
of the pulse ti^fonncr: tim,ugh saturable inductor 54. t^ 

thioughisolationinductbrLbl backto the bias cunent source 120 as indicatfed by artows 

Bi-" 

In the of completion head saturable inductor; a Was current.B2 of qiproximate 5A 
is provided from the second bias current source 126 thrbugh isolation inductor Lfe2. At 
the compression head, the cunent splits and the majority B2-1 goes through saturable 
inductor Ljvl 64 and back through isolation inductor Lb3 back to ft^ 
source 126. A smaller fraction of the cunent B2-2 travels back through the HV cable 
connectingthecompressionfaead60andthccommutator40,throughthepi,lset^^ 
secondary winding to ground, and through a biasing resistor back to *e second bias 
cunent source 1 26. Tliis second smaller cmient is used to bias the pulsc transfomwr so 
that it is also reset for the pulsed operation. The amountof cunent which splits into each 
of the two legs is detennined by the resistance in each path and is intentionally adj usted 
such that each path receives the correct inount of bias current. 

Direction of Ciurent Flow 
In this embodiment, we refer to the flow of pulse energy through the system from the plaht 
Vov^-a source 10 to the electrodes and to ground beyond electrode 84 as "forward flow" 
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* *.'.*■ 
and this direction^ the forward diitction. When we refer to an electrical component such • 
as a saturable inductor as being forward conducting we mean that it is biased into 
saturation to . conduct "pulse, energy" in a direction toward the electrodes. When it is 
reverse conducting it is biased into saturationto conduct energy in adircction away firdm 
tfie clectrodeis toward the charging c2q}acitor. The actual direction of current flow (or 
. electron flow) through the system depends on where; you are within the system. The 
^^directipn a possible source ; of 

confusion. • ■ ■ • • • • .'^ .^ - . 

In this preferred embodiment Go is charged with (for example) a positive 700 volts such 
that when switch 46 is closed cmrent flows from capacitor 42 through inductor 48 in a 
direction toward Ci capacitor 52 (v,*ich means that electrons are actually flowing in the 
. reverse direction). Similariy, the current flow is from C| capacitor 52 through t^^^ 
side of pulse transformer 56 toward ground Thus, the direction of current and pulse 
energy is the same from charging capacitor 42 to pulse transformer 56. As explained 
below under the section entitled "Pulse Transformer^ current flow in both the primary 
loops and the secondary loop of pulse transformer 56 are both toward ground. The result 
is that current flow between pulse transformer 56 and the electrodes during discharge is 
in the direction away fix>m the electrodes toward transformer56. Therefore, the direction 
of electron flow during discharge is from ground through the secondary of pulse 
transformer 56 temporarily onto Cp., capacitor 62 through inductor 64, temporarily onto 
Cp capacitor 82, through inductor 81, through electrode 84 (which is the discharge 
cathode) through the discharge plasma, through electrode 83 and back to groimd Thus, 
between pulse transformer 56, electrons flow in the sanie direction as the pulse energy 
during discharge. 

Immediately following discharge currents and electron flow are reversed as explained.; 
above and special provisions have been made in this embodiment to deal with that reverse- 
current flow as explained above in the section entitled Energy Recovery. 
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Detailed Power Supply Description 
A more detailed cimat diagiam of the power suj^^^ 

is shown in. FIG. 3. As indicted in FIG, 3. rectifier 22 is a 6 puhe phase comroUed 

rectifi« withaplusl50vto.l50V DC output. Inverter24 is ac^^^ 

24B and 24C. Inverters 24B and 240 are turned off when the voltage on 8 -azF Co . 

capacitor 42 is 50 volts less than the conmand voltage and inverter 24A.is turned: 
off when the voltage on Go 42 slightly exceeds the commarid voltage. This procedure 
reducesthechargerateneartheendofthecM^^^ Step up transformers 26A. 26B and 
, 26C are each rated at 7 kw and transform the voltage to 1200 volt AC. 

, TT«e- bridge rartifi^^^^^^^ The HV power suppiv ' 

control.board 21 converts a 12 bit digital command to an analog signal and compares it 
with a feedback signal 45 ftom Go voltage monitor 44. When the feedback voltage 
«ceeds.the command voltage, inverter 24A is turned offas discussed above. Q2 switch 
34 closes to dissipate stored energy within the supply. Q3 isolation switch 36 oper« to 
prevent any additional energy leaving thesupply and Ql bleed switch 38 closes to bleed 

downthevoltageonCo42untilrhevoltageonCoequalstfaecommandvoltage. Atthat 
time Ql opens., 



ion 



DetaUcd Commutator and Compression Head Descriptic 
Tlie principal components of commutator 40 and compression head 60 are shown on 
HGS. 1 and Zand are discussed above with regard to the operation of the system. In this 
section, we describe details of iabrication of the commutator. . . 

Solid State Switch 

Solid state switch 46.is an P/N CM 1000 HA-28H IGBT switch provided by Powerex. 
Inc. with officesin Youngwood, Pennsylvania. 
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Inductors 

Inductors 48, 54 and 64 are saturable inductors similiarlo those described in U.S. Patents 
3,448^80 and 5,3 15 ,6 1 1 . A top and section view of the saturable inductor 64 is shown 
respectively in FIGS. 8A and 8B. However, in the inductors of this, embodiment flux 
excluding metal pieces 301, 302, 303 and 304 are added as shown in FIG, 8B in order to 
ieduce the leaJcage flux in the inductors. These flux excluding pieces greatly improve the - 
pulse forming performance of the inductor in the system. The cirrrent makes four loops 
through vertical conductors. It enters at 305 travels down a laige diameter conductor in 
the center labeled"!" and up six smaller conduct<n3 oh the circumference also labeled"!''. 
Other loops are similarly numbered and exits at 306. There as one additional equivalent 
turn formed by the flux exclusion metal itself and is the third tinn in a five turn inductor. 
. This has an advantage in that the voltage of the flux exclusion metal components is held 
at hialf the full voltage allowing a reduction in the safe hold-off spacing between the flux 
exclusion metal parts and the metal rods of the other tiims. 

Capacitors 

Capacitor banks 42, 52 and 62 are all comprised of banks of off-the-shelf capacitors 
connected in parallel. These capacitors are available from suppliers such as Murata with 
ofBces in Smyrna, Georgia. Applicants preferred method of connecting the capacitors and 
inductors is to holx them to positive and negative terininals on special printed circuit board 
having heavy nickel coated copper leads in a manner similar to that described ins U.S/ 
Patent No. 5,448,580. 

Pulse Transformer 

Pulse transformer 56 is also similar. to the pulse transfomier described in U.S; Patent Nos* . 
5,448,580 and 5313,481; however, the pulse transfonners of tht? present embodiment has 
only a single tum in the secondary winding and 23 induction units equivalent to 1/23 of 
a single primary turn. A drawing; of pulse.transfotmer 56 is shown in iFIG. 4. Each of the 
23 induction units comprise an aluminum spool 56A having two flanges (each with aflat 
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edge with threaded bolt holes) vAdch are bolted to positive and negative temmiak.on 
printed circuit board 56B as shown along the bottom edge of FIG. 4. Insulators 56C 
separates the positive terminal of each spool from the negative termiiial of the adjacent 
spool. Between the flanges ofthe spool is a hollow cylinder 1 1/16 m^^^^ 
0.875 OD with a wall thickness of about 1/32 inch. The spool is wrapped vrith one inch 
wide. 0.7 mil thick Metglas™ 2605 S3A and a 0.1 mil thick mylar fikn until the OD of 
■ the insulated MetglasTM wrapping is 2.24 inches. A prospective view of a angle w«55«d . 
spool forming one primaiy winding is shown in FIG. 5. . . 

The secondary of the transformer is a single OD stainless steel rod mounted within a tight 
fitting insulating mbe of electrical glass. TTie winding is in four sections as shown in BG. 
4. The stainless steel secondary shown as 56D in HG. 4 is grounded to a ground lead on 
printed circuit board 56B at 56E and the high voltage terminal is sho^vn at 56F. As . 
indicated above, a 700 volt pulse between the + and - terminals of the induction units 
will produce a minus 16,1 00 volt pulse at temiinal 56F on the secondary side. Ttis design 
provides very low leakage inductance pemntting extremely fast output risetime, 

Details of Laser Chamber Electrical Components . 
The Cp capacitor 82 is comprised of a bank of 28 0.59 nf capacitors mounted on top of 4e 
chamber pressure vessel. (Typicaliy a KrF laser is operated with a lasing gas made up of 
1.0% krypton. 0.1%fiuorme, and the remainder neon.) The electrodes are each soUd brass 
bars about 28 inches long which are separated by about 0.5 to 1.0 inch. In this 
embodiment, the top electrode is the cathode and the bottom electrode is connected to 
ground as indicated in FIG. 1. 

OTHER EMBODIMENTS ■. . 
Reverse Polarization 

In the system described above Co is chained with a positive voltage and the flow of 
electrons is into the ground eiectoxle of the laser chamber. The circuit can be easily 
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. reveised with Co chained to a negative charging voltage of about 700 volts and the . 
electron flow will be from the ground electrode to the high voltage electrodes. Also 
reverse flow of electrons across the electrode g^ could be accomplished by changing the 
polarity of the secondary winding (i.e., the four-section stainless steel tube). . 

.•Bipolar (Operation 

FIG. 7 sho>ys a modification which would permit bi-polaf operation of the laser. In this 
case, two power supplies arc provided one supplying +1200 volts and the other providmg 
-1200 volts: In addition, switch 46 is dupiicated so that we have 46A and 46B. When 
46A is closed the polarity of system is like. that described m detail above. However, with 
.46A open and switch 46B closes the resulting, pulse is everywhere reversed and the 
electron flow across the discharge, gap is from the ground electrode to the high voltage : 
* elECtrode (in this case about +14,000 voits)i In this case, the energy recovery circuit 57 
. is not needed. Instead (for )gxample)' Gp^^ is cha^^ tp +700 v at To 46A will close 
allowing Co^ to discharge through inductor 48 . then it w 

permitting the reflected energy to be recovered on Cob after recovery of the energy 46B 
opens. Then Cps is charged to -700 v and at the next To 46B closes allowing Co ^o 
discharge through the circuit. The result is alternating discharge directions. This 
embodiment should provide for more even wear of the electrodes. 

^ Compression Head Mounting . 
This preferred .embodiment of the present invention includes a compression head 
moiintiiig technique shown in FIGS. 1 OA and 1 OB. FIG. 10 is a side section view of the 
laser system showing the locatioh of the compressor lead module in relation to electrodes 
83 and 84. Tiiis technique was designed to minimize the impedance associated with the 
compression lead chamber connection and at the same time facilitates quick replacement 
of the compression head. As shown in FIGS; 1 OA and 1 OB the ground coimcction is rrlade 
wth an approximately 28 inch Jong slot tab connection along the back side of the 
compression head as shown at 81A in FIG. lOA and 81B in FIG. lOB. The top of the slot 
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is fmed with flexible finger stock. A preferred finger stock material is sold under the 
tradename Multilam®. 

The high vohaiie comicction is made between a six-inch diameter smooth bottom of 

sanirablemductor 64 and a mating airay of flexible finger stock at 89 in FIG. lOA.. As 
above, a prefeired finger stock material is MultUam®. This arrangement perarits the 
replacement of the compression head module for repair or preventative maintenance in 
about five minutes. 

Pots and Pans Housing for Saturable Inductors 
In:.prior.art pulse power systems/oil leakage from electrical CO 
problem. In this preferred embodiment, oil insulated components are limited to the 
saturable inductors. Furtheimore, the saturable inductors as shown in FIG. 8B arc housed 
inapot type oil containing housing in which all seal connections are located above the oil 
leveltosubstantiaJlyelinunatethepossibiUtyofoU leakage. Forexto 
in inductor 64 is shown at 3 08 in FIG : 8B. 

Resonant Charging 

In another preferred embodiment of the present invention, the power supply module 
described for the first pieferted embodiment which utilizes two rectifiers, an mverter and 
a tiansfom»er as shown inFIGS. 1 and 2; is replaced by an off-the-shelf power supply and 
a resonance charging circuit. Tliis latter approach provides much fester charging of the 
charging capacitor. 

An electrical circuit showing this prefenred embodiment is shown in FIG 9; In this case, 
a standard capacitor-charging power supply 2Q0 having a 480 VAC/40 amp input and a 
1200 VDC 50 amp output is used. Such power supplies are available from suppliers such 
as Ecgar, Maxwell, Kaiser and Ale. This power supply continuously changes a 325aF 
capacitor 202 to the vohage level commanded 222 by the control board 204. The control 
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board 202 also commands IGBT switch 206 closed and open to transfer energy from 
capacitor 202 to capacitor. 42. Inductor 208 sets up the transfer time constant in 
conjunction with capacitor 202 and 42, Control board 202 receives a voltage feedback 
212 that is proporticmal to the voltage on capacitor 42 and a yohage feedback 214 that is 
proportional to the current flowing through inductor 208. Frpih these two fisedback 
signals control board 204 can calculate in. real time the filial voltage on capacitor 42 
should IGBT switch 206 open at that instant of time. Therefore with a command voltage 
210 fed into control bo£ard 204 a precise calculation can be made of the stored energy , 
within capacitor 42 and inductor 208, to, compare to the .required cfaaige voltage 
commanded 210; From this calculation, the cpntiol board 204 will determine the exact 
time in the charge cycle to open IGBT switch 206. 

Afiei: IGBT switch 206 opens the energy stored.in the magnetic ficld of inductor 208 will 
transfer to capacitor 42 through the diode path 216. The accuracy of the. real time ^lergy 
calculation- Sviil detfermine the amount of fluctuation dither that will exist on the final 
voltage on capacitor 42. Due to thei extreme chaige rate of this system, too much dither 
will exist to nieet the systems regulation requirements of iO.05%. Therefore a bleed down 
circuit will be used. 

Bleied-down circuit 216 will be commanded closed by the control board 204 wiien current 
flowing through inductor 208 stops. The time constant of capacitor A2 and resistor 220 
will be sufiBciently fast to bleed down capacitor 42 to the command.voltage 210 without 
bcing an fqjpreciable amount of the total charge cycle. 

... Faster Risetime . 
From recent test data taken oh a number of excimer lasqs, it aj^ears that faster risetime: 
voltage pulses applied to the laser chamber can have significant advantages in several 
areas including overall laser eflSciency. energy stability, etc. The advantages of faster 

17 



.(S6) )01-1 68430 (P2 001-16JL8 



risctim^ appear to be even stronger for next generation (AxF and Jascrs than cment 
KrF lasers. 



One rt«son for this is associated ^vith the chamber discharge characteristics. At typical 
pressmes and mix« required to support ^plication 
etc.. the chamber breakdown inay occur lior to full transfer of a^^^ 
in the pulsed power module to the chamber peaking capacitance.. In this case, a fasten 
. risetime output pulse allows more efficient, energy transfer to the chamber 'peal^g 
capacitance before the chamber discharge begins. 

. Traditionally.fcterrisetimepulsesfomamagneticrnodulator^^^^^ 

of pulse compression time since the initial pulse is typically limited by the primary 

switching devices. Th^ advantage of this specific approach is that additional pulse 

compression stages (with their added complicationsofr^^^^ 
etc.) have not been lequiied. 

Inthis case, the faster output risetime has been provided by improvements- ik ^Her 
compression stage hardware as well as a redesigned output stage 

In onlcr to achieve the faster risetime output ofthe pulse power system, tte 
of this specific example-has been redesigned to use fewer mms in the toroidal shaped 
inductor. Additional core material has been included in the revised magnetic switch by 
including another 0.5" thick core. Since the saturated inductance goes as the square of fte 
number of turns in the switch, reducing the number of turns from 5 to 2 has a significant 
hnpact in reducmg the overall mductance (in spite of the fact that the height of the switch 
has increased). The disadvantage of this approach is that additional leakage voltage will 
be applied to the laser chamber during the time that voltage is building up on the magnetic 
switch, since the un-saturatcd inductance is also reduced due to the turns reduction. If this, 
is undesiiable. other approaches are available to reduce the effects of this leakage vohagi. 
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Since the volt-second product of the switch is also proportional to the number of turns, 
additional material must be added, to the switch to keep the same volt-second . product 
reqdred for the design. Unfortunately, core losses are also proportibnal to the volume of 
magnetic material. ^ As a result^ it is desirable to ihinimize the core material for efficiency 
as well as the initial cost of the material; As described above, one additional coiie has been 
added to the preexisting 3 cores and each core has been re-designed to increase ^e cross- 
sectional area. However, these modifications stiil do not completely account for the 
reduction in volt-scconds due to the txims reduction. One solution to this issue is to 
improve the output risetime of previous stages such that a fester transfer time is provided. 
This^ in turn, reduces the required volt-second product and reduces the core material 
requirements for the output stage switch: . 

The previous stage output risetime can be reduced by a combination of approaches.- 
Approximately V^ of the inductance of the existing circuit is associated with the previous 
magnetic switch saturated inductance. As a result, the previous switch can also be re- 
designed to reduce this parameter. This can be done in a similar manner to the approach 
-taken with the output stage switch (by reducing the number of turns). In this case,: 
however, the existing design uses only 1 turn. As a result, the only alternative is to modify 
the saturated inductance by increasing the magnetic path length of the cores (since the 
saturated inductance is inversely proportional to this parameter). Other approaches to 
reducing the circuit inductance include reducing the cable connection length between the 
two SSPPM modules and reducing other various circuit stray inductances (e.g. increasing 
the number of individual capacitors associated with each energy storage sta^e since the 
stray inductance is the parallel inductance of each capacitor). The initial pulse generation 
stage can also be made faster as long as the "start" switch is c^ble.of increased p^ 
current levels and dl/dt levels. 
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Reduced Leakage Current . . 
As stated above, a potential problem with magnetic pulse coinpression. circuits is the 
leakage cmient fiom the ou^ut stage that occurs while the last compression stage- is 
charging, leakage cmrcnt can lead, to a rise in voltage across the laser el 
prior to application of the mam vohage pulse. If this pnspulsc vohagB rise istoo higjitbc 
disdiai^e laser perfonnance can be adversely affected,... .-. 

One example of an adverse effect ftom the pre-pulse vohage riseis premature "light-off' 
ofthc coronatubeusedforpre-ionizationofthelascr gas. CoTonatu^ 
a high electric field across an insulating surfece to generate a coroha.in the laser gas near , 
an insulating surfece. This corona creates short wavelength UV radiation that in turn ^ 
ionizes the laser gas within the volume between the laser electrodes. If the pre-pulse 
voltage rise caused by leakage current from the ou^ut stege of the magnetic corhpression . 
circuit becomes too high, then the corona will be cieatedtoo soon before the mam voltage 
pulse and much of die ionization will be lost before the nuun discharge «ivent 

The modifications described below provides a coinpact and efficient method for 
substantially elimmaring the pre-pulse vohage rise caused.by this leakage current The 
modifications consists of an additional compression stage added to the previously 
described magnetic pulse compression circuit This additional stage can be made to. have . 
no compression itself, but simply peifonn the function of preventji^ the leakage current 
from.the previous stage from reaching the laser. . ... 

InthemagneticpdseccinpressioncinniitshowninFIG.l.thelaser'speakingcq)^^ 
and head inductance are represented by Cp and Lp. The c^citance. and saturable . 
inductance of the last stage of the compression circuit are represented by Cp-1 and Lp-1. 
The stages prior to the last stage are represented by CI and LI. 
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It is the.leakage through Lp-1 and Cp-1 is charging that causes a.vohage rise on Cp and 
thus a voltage across the laser electrodes. A conmion method for mitigating tiiis leakaage 
cuzrent is to install one more stage between Cp- 1 Bud Cp. 

The; disadvantages of using an additional stage for fte sole purpose of blocking the 
leakage current are additional expense, size, and most importantly energy loss. This stage 
must be designed with the voltage hold-off able to handle the full energy of the main pulse 
as it is stored on the blocking capacitor. The volt-second pjroduct of the blocking saturable 
inductor must also, be large enough to hold-off until full transfer from Cp-1 to the blocking 
capacitor occurs. Creating a design capable of handling these requirements is not 
impossible, but entails the use of a great many expensive components (i.e., high voltage 
capacitors, high si^ed saturable magnetic material, and high dielectric strength insulators). 

The energy losses associated with this blocking stage can be considerable. Since this 
stage must .opcralc at the charge time of the fmal output stage, typically 50-150 ns, losses 
due to dissipation in the high voltage capacitors and saturation losses in the magnetic 
. material of the inductor can be as much as 10-20% of the total main pulse ener§>'. It may 
be possible to increase the amoimt of energy sent into the compression circuit to 
compensate for this loss, but each stage must then be re-designed with extra . saturable 
material to accominodate this additional stored :energy. . 

The heat load placed on this blocking stage can also be problematic. Because the final 
stage must have fast risetime, stray inductance must be kept to a minimum. To achieve 
a low stray inductance, components must be kept close to each other. Such a design 
criteria is opposite to the requirements for many efBcient heat transfer mechanisms. Use 
of cooling fluids such as dielectric oil can help in heat extraction, but the potential for 
spillage of this oil in a modem integrated circuit fabrication facility is unacceptable. 
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A typical pre-pulsc voltage rise caused by leakage current is shown in nG.6G. (Seethe 
Cp voltage COTve.) A blocking stage like the one described above must havc safficicnt 
volt*seamdstohoIdoffboththeleakageandtheniain20kVpulse. TTie area under the 
voltage curve for the leakage is much less than that for the main pulse, by a fector of 153 
to lOOX If a cirpuit were implemented that held off for only. a volf second product 
equivalent to the area under the leakage, a considerable reduction in magnetic matcrid 
. would be realized. •. . , 

Such a circuit is shown in HG 11 which is a modification of HG. 2. The laser's peaking 
c^acitance. Cp. is split into two groups called Cp and Cft such that the sum of Cp. and 
Cp, equals Cp of the FIG. 2 circuit. The Cr capacitance is attached to the chamber in the 
' standard.way and thus the inductance between Cp, and the laser electrodes. Lpj. has the 
same value as the standard configuration, Lp. The second ponion, Cp, , is separated &om 
the laser electrodes and Cp^ by a saturable inductor, Lp,. For reasons stated below, the 
saturated induoance of Lp, can be made similar in value to the standard headinductance 

Lp- . ■ ■ • , •.; ..• ., , .. ; 

As leakage currentpasses through Lp-1 while Cp-l is charging, this current will cause a 
vohage rise on Cp,. Because of the saturable inductor, Lp„ this voltage will not beplaced . 
across Cp, orthe laser electrodes. The volt* second product of Lp, is chosen not to hold 
ofFthc main pulse generated by the compression circuit, but instead it is sized only to hold 
off the voltage on Cp, caused by the leakage current from the compression circuit. Once 
Gp-l is .fiilly charged and Lp-l saturates. Lp, also saturates so that there is a low 
inductance path between Cp, and Cp, consisting of : the scries combination of Lp, 
(saturated) and Lp,. This series combination is typically ten times smaller than the 
smirated inductance of the last compression stage. Lp-1. so it has little or no. effect on the 
transfer time frbmCp-ltd the parallel combmation of Cp, and Cp,. ;. 
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- The Tcason that the saturated inductance of Lpi can be made essentially the same as Lp 
(and thus the same as Lpz), is that the volt* second Teqnirements are extremely small and 
the maximum voltage i>otential ever impressed across Lp, is less than IkV. Since the 
voltage hold-off across Lp, is less than IkV, a single sheet of .005" thick Kapton could 

" be used as the insulator between the Cp, capacitor buss 1 02 and the Cp> capacitor buss. 
(The location of the thin sheet is indicated at 1 04 but it is too small to see on the drawing.) 
Such a small separation between each capacitor buss leads to a very small loop area and 
thus very low mductance. 

The saturable inductor Lp„ itself can be made to have very low saturated inductance since 
the amount of magnetic material required is so small (due to the' low volt* second 
requirements). . ' 

A detailed drawing of a preferred embodiment is shown in FIG. 5. The solid plate 100 
shown in FIG. 12 is the buss for coimecting the Cpz capacitors to the chamber's electrical 
feed-throughs. The much smaller plate 102 is the buss for connecting the Cp| capacitors 
to the compression head and to the top of the saturable inductor, Lpj which is created with 
conductor material 106 and coils 108 of tape comprised of a magnetic metal alloy, such 
as Metglass"^^ which is a commonly used material for constructing saturable inductors. 
This combination of conductor and magnetic material also serves to define L2 in the 
embodiment. In this case^ciirrent downward from Cpj and sideways from Cp2. 

A choice m\ist be niadc as to how to partition the Cp capacitance into Cpi and Cp^. There 
are two considerations when making this design decision. The first is the size of Cpi. If 
Cp, is made very small then the voltage rise on Cp^ caused by the leakage current through 
Lp-1 will be large and the volt* second product of the Lp, saturable inductor will need to 
be large. This consideration tends to drive the Cpi value to a larger fraction of the total 
Cp capacitance. 
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The second ccmidamion is the size of Cp, If Gft is »ade small then the small spurious 
amomits of electri^ energy that propagate between compression^ after the main 
pulse can M to a large voltage spike on Cp,. These g,imous voltage spikes aie 
cgmmpidy caUed late time blips and have been shown to cause electrode erosion if they 
.have sufBcient voltage; to breakdown the. laser gas. Increasing the size of CR.would 
reduce the voltage levels caused by late time blips and thus mitigate the possibility of gas 
breakdown. . 

Unfortunately, these tv..> considerations lead to opposing desires for the sizes of Cp. and 
Cp,. It has been found that a range for Cp, between 1/3 and 23 of the total Cp can lead 
tp satisfectoiy. results. As long as the energy in late time blips can be minimized, Cp. 
should be made as large as possible to reduce the require voh* seconds for the Lp. . 
saturable inductor. Reducing the volt* second requirements on Lp, make for lesser 
: magnetic material requirements, smaller heat loading, and reduced saturated inductance. 



Persons skilled in the art will recognize that many other embodiments of the present 
mvemion aiepossiblebased onthe teachingsexpressed int^^ 

IWore, the reader should detemiine the scope of the present invention by the ^jpended 
claims and ^ir legal equivalents. 
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CLAIMS 

WE CLAIM: 

1 . A high pulse rate pulse power source ja-oviding pulse power to a pair of 
electrodes comprising: 

A) a puke generating circuit, cornprising: 

1) a charging capacitor for storing a charge at voltages in 
excess of 600 volts, 

2) a solid state switch, and 

3) a cuirent limiting inductor; 

for generating electrical pulses 'vyith electriced energy in excess of 3 Jot^^ 
and v^th peak voltages in excess of 600 volts; 

B) at least two pulse compression circuits, defining a first compression 
circuit providing a first pulse compression sihd second 
compression circuit providing a second pulse comprpssion; each 
compression circuit cordprising a bank of capacitors and a 
saturable inductor, said second pulse compression circuit 
comprising a second saturable inductor having less than 6 turns; 

C) step-up pulse transformer for increasing the peak voltage of the 
electrical pulses to at least 12,000 volts said pulse transformer 
comprising a plurality of electricdly parallel primary windings £tnd 
a secondary winding comprises at least one substantially straight 
conductor; 

D) a very fast regulated power supply for charging said charging 
capacitor witfi at least 3 Joules of electrical energy^at voltages of 
at least 600 volts, in less than 406 microseconds, and ' 

E) a very fast pulse control system comprising a processor for 
controlling the charging of said charging capacitor to an accuracy 
of less than one percent at a rate at least 2000 chaises per second. 
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. 2. A pulse power source as in Claim 1 wbcrein said saturable inductor 
in said seccmd pulse compression circuit comprises less tfa^ 



J.* 



A pulse power source as in Claim 1 wherein said second pulse 
conxpression circuit comprise a single bank of pea^ 

4.. A pulse power source as in Claim 1 wherein said second pulse 
compression circuit comprises two separate banks of c^tors each bank is isolated 
from said electrodes by an inductance. 

5. A pulse power source as in Claim 4. wherein said inductance is 
provided by a single saturable inductor. 

6. A pulse power source as in Claim 1 wherein said step-up transformer 
is a part of said first compression circuit. 

7. A pulse power source as in Claim 1 wherein said at least one 
aibstantially straight conductor, four straight.rods electrically connected in series. 

8. A pulse power source as in Claim 1 whcrem said pluiahty of primary 
wiiidings is at least 20 pritoaiy windings. 

9. A pulse power source as in Claim 1 wherein said regulated power 
supply comprises a blccd-do^ circuit comprising a switch and a resistor for bleeding 
down to voltage on said charging capacitor to a desired control voltage. 
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; 1;0.. . A pulse poWer . source as in Cl^um 1 vdieiein . said source is. a 
coinponent of an. electric discharge laser and fiunishes electrical pulses to. generate 
discharges between electrodes of said laser to generate laser pulses each pulse 
.defining a pulse energy^ 

.11. A pulse po>yer source as in Claim 10 and further comprising a pulse 
energy momtor for monitoring energy of sa^ 

12. A pulse power source as in Claim 1 1 said processor for controlling the 
charging of said charging capacitor, is programmed with an algorithin for calculating 
a control voltage for a pulse.on the basis of pulse energy of at least one previous.^ 
pulse. . . 

13. A pulse power source as in Claim 12 wherein said at least one 
previous pulse comprises all the pulses in a burst of pulses. 

14. A pulse power source, as in Claim 13 vdierein said at least one pulse 
also includes pulses, in earlier bursts. 

15. A pulse power source as in Claim 1; wherein said at least two 
compression circuits is two compression circuits and the capacitor in said second 
compression circuit is a peaking capacitor. 

16. A pulse power source as in Claim 1 wherein said pulse generating 
circuity said compression circuits, said pulse transformer and said power supply are 
fabricated into modules comprising components of an electric discharge laser system 
dcfinmg two electrodes. 
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17. A piJse power source as in Claim 16 wherein W laser system s 
excimer laser system. 

. , ■ - : 18. . A pulse power system -as in Claim 17 vrfierein: sjiid &iber laso- ^ 
; -^.^sy^m is a KrF laser system. -:, -^'/-'^^^^^'--^^-i^^^^ 

19. A pulse power system as in Claim 1 8 wherein said inbdules arc air 

cooled. 

20. A pulse power system as in Claim 19 wherein said sanirable inductors 
are immersed transformer oil defining an oil level contained in a M^^^ 
having at least one real fimction wherein said oi} ley^I is bcloyv; aU of sidat least one 

. seal junction. ' '' r' y-^: ' . ..■ 

21. A pulse power system as in Claim ] wherein at least one of. said • - 
saturable inductors comprise at least one flux excluding piece. 

22. A pulse power system as in Claim 1 wherein said capacitor and 
inductors are connected electrically using copper clad printed circuit boards and bolts 
for connecting the capadtws and inductors to the jmnted circuit bo^ds. 

23. A pulse power system as in Claim 16 wheiein one of said two 
electrodes is connected to a ground and said pulse power system provides a negative 
fai^ voh^e to th^' other of said two electrodes. 

24. A piilse power ^stem as in Claim 16 wherein one of said two 
electrodes is connected to a ground and said pulse power system provides a positive 
high voltaige to the other of said two electrodes. 
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25. A pulse power systeni as in Claim 16 wherein said pulse generating 
circuit is a first pvilst generating circuit for generating negative pulses and furtlier . 
comprising a second pulse generating circuit for generating positive pulses, wherein 
said first pulse generating circiiit and said secbiid piilse generating circuit aire 
controlled to produce sdt^nating pulses to produce bipolar opieration of the electric 
discharge laser. 

26. A pulse power system as in Claim 17 wfierein s^d excimer laser 
system is an ArF laser system. 
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ABSTIUCTOF-THEDKCLOSWIE 



AMgh pulse latepiJse power somce for s^jplying controlled Ju^^^^ 
pulsesatmesof2000Hr«irg«ater. TT»e source includes a pulse genemting circuit 
including a chaiging capacitcir. a solid state switch and a cutient liniiting inductor. 
Pikes generated in the pulse generating circuit are compressed in at least two pulse 
conqjiessionciicuitsandastep.uppulsetransfonnerinc^ voltage to at least 
12,000 volts. A very fast regulated power supply is provided for charging the 
charging capacitor in less than 400 microseconds and a pulse control system 
including a prognnnmcd processor controls the charging of the charging capadtor to 
an accuracy of less ftan about one patent at arate of at least 2000 charges per 
seomd. 



